H ome environmental evaluations and modifications can be carried out for purposes of accessibility; functional ability in performing activities of daily living (ADL); and safety, including reducing fall hazards (Emlet, Crabtree, Condon, & Treml, 1996) . A home visit for falls prevention is conducted by a systematic and extensive identification of hazards in and about the home (Clemson, 1997) . The client's functional ability in fall-risk situations (e.g., negotiating traffic ways, reaching, climbing, stepping over objects) is taken into account, and a fall history is determined. Some randomized trial evidence now suggests that fall-related home modifications may be effective in reducing the risk of falls (Cumming et al., 1999; Gillespie, Gillespie, Cumming, Lamb, & Rowe, 1997) . However, the full potential of home modifications for falls prevention will only be achieved if recommended home modifications are actually implemented.
Few studies of adherence to occupational therapist recommendations for home modifications have been conducted. Devor, Wang, Renvell, Feigal, and Ramsdell (1994) reported an adherence rate of 45% among people attending an outpatient geriatric assessment program, whereas Fabacher et al. (1994) reported a 71% adherence rate among people involved in a randomized trial of inhome geriatric evaluations. Devor et al. also investigated predictors of adherence. These researchers conducted a telephone interview between 3 months and 22 months after an outpatient geriatric assessment. More than 80% of the 124 participants were cognitively impaired, so most adherence interviews involved their caregivers. Participants received an average of five social or safety recommendations. Factors related to adherence across all recommendations were lower cognitive or functional status. Unrelated factors included age, number of diagnosed conditions, number of recommendations, number of medications, marital status, and living situation. The main reason for nonadherence with home modification recommendations was not agreeing that modifications were necessary. Shah, Maly, Frank, Hirsch, and Reuben (1997) studied adherence to a wide range of recommendations made for older persons through a comprehensive geriatric assessment at a community-based health center. Adherence at 3 months was 85% for physician-implemented recommendations (e.g., change in medications, referral to a medical specialist) but only 46% for self-care recommendations (e.g., using assistive devices, making home modifications, participating in activity programs at senior centers).
Occupational therapy research has tended to focus on adherence to use of assistive devices rather than on home modifications (e.g., Clemson & Martin, 1996; Mann, Hurren, Tomita, & Charvat, 1995) . However, a recent study investigated adherence to a wide range of home environment interventions among 100 family caregivers of persons with dementia (Corcoran & Gitlin, in press; . The strongest predictors of caregiver adherence across all interventions were older age, fewer depressive symptoms, and a higher level of disability in the person being cared for. Interestingly, lower adherence rates were found for home modifications than for use of assistive devices (Corcoran & Gitlin, in press ).
The largest study to date of adherence to home modifications recommended by an occupational therapist involved 255 older clients selected from community health centers in Montreal, Canada (Gosselin, Robitaille, Trickey, & Maltais, 1993) . The purpose of the home modifications was improved function, not falls prevention. The researchers found that perceived need for home modification was the strongest predictor of having made at least one of the recommended home modifications within 6 months. Other significant predictors of adherence were ability to manage a budget without difficulty, low income, good housing conditions, and use of homemaker services. Clemson, Cusick, and Fozzard (1999) conducted indepth interviews with nine older persons at high risk of falling who had not followed through with home modifications suggested by an occupational therapist. These investigators found that adherence to recommended home modifications was more likely if older persons perceived that they were able to exert control over their own home environment. Adherence is a complex process, even for seemingly simple actions like removing a mat, and can be influenced by such factors as the purpose and meaning attributed to aspects of the home environment, perceived level of risk in particular situations, and the older person's perceived ownership of ideas. Clemson et al. concluded that if home modifications are to be made, occupational therapists need to promote joint decision making, providing their client with options and choices.
We recently completed a randomized trial of home visits by an occupational therapist for falls prevention (Cumming et al., 1999) . The focus of the home visit was to identify hazards and recommend and implement home modifications. This trial provided the opportunity to examine in detail adherence to recommendations for home modifications. The objectives were to describe adherence to both overall and specific recommendations and to try to identify predictors of adherence. A research assistant visited study participants' homes to assess adherence approximately 1 year after the initial home visit by the study occupational therapist.
Method
The data used in this article were collected during a randomized trial of an occupational therapy intervention for falls prevention. The randomized trial is described in detail elsewhere (Cumming et al., 1999) . Participants randomized to the intervention arm of the trial (n = 264) form the basis of the study described here. Of these participants, 178 actually received a home visit by an occupational therapist, and 150 had at least one home modification recommended. Twelve months later, 121 of these 150 homes were revisited.
Participants
Participants were recruited in Sydney, Australia, between June 1995 and January 1997 while they were inpatients in selected wards in a major teaching hospital and a rehabilitation hospital. Wards were chosen if they had a high proportion of elderly patients and if ward staff members were willing to assist in participant recruitment. A small number of participants were recruited from outpatient clinics at the two study hospitals (5%) and from local day-care centers for older adults (11%).
Participants were eligible for inclusion if they were 65 years of age or older and lived in the community (not a nursing home or group home for elderly persons) in the local health service region. Persons with cognitive impairments were included as long as they lived with a caregiver who was able to give informed consent and who could report on falls during follow-up. Inpatients were not eligible if a home visit by an occupational therapist was planned as part of their usual care. All participants (or their care-givers) gave written informed consent, and the study was approved by the Ethics Review Committee of the local Area Health Service.
Procedure
Baseline interview. Using a questionnaire, a research assistant collected baseline data at the time of recruitment. The questionnaire included the following items: (a) Have any changes been made to your current home to make it safer from falls? (b) Do you think it is possible to prevent falls as you get older? (c) Do you think it is possible to prevent falls by making your home safer? Further, participants who had not made any home modifications were asked eight questions about reasons for not making modifications. All were asked whether they thought each of 13 specified areas or things in their home might be hazardous and might increase their risk of falling, specifically: external pathways, external stairs, lawns, internal lighting, floor mats, internal stairs, living area, bedrooms, bathroom, toilet, kitchen, laundry, and garage.
Other data collected at the time of recruitment were sociodemographic details, a brief medical history, selfreported problems with vision, use of community services, history of falls in the past 12 months, ADL, and fall-related self-efficacy. ADL were assessed with the Spector-Katz Index, which has high interrater reliability (95% agreement) and internal consistency (alpha = .9) (Spector, Katz, Murphy, & Fulton, 1987) , and Smith's modification of the Rosow-Breslau Health Scale, which has a test-retest correlation of .8 (Smith et al., 1990 ). Tinetti's Falls Efficacy Scale was used to assess fall-related self-efficacy (Tinetti, Richman, & Powell, 1990 ). This 10-question scale assesses the impact of fear of falling on persons' confidence to perform everyday tasks, for example: How confident are you that you can clean the house without falling? Participants rate each question on a scale of 0 to 10, and the scores are summed to give a total score between 0 (low fall-related self-efficacy) and 100 (high fall-related self-efficacy). The Falls Efficacy Scale has a good test-retest reliability of .7. Participants also were asked to rate their self-perceived risk of falling on a 4-point scale of high risk, moderate risk, low risk, and no risk.
Occupational therapist home visit. The fourth author was the occupational therapist who evaluated the participants' homes. She had 2 years of experience in a local community aged care service before joining the study team. She wrote to all participants soon after discharge and then telephoned them to arrange a convenient time for a home visit. For the study home visit, she conducted her routine occupational therapy home evaluation but used a standardized home assessment form to record hazards (Clemson, Roland, & Cumming, 1992) . The home visit usually took about 1 hr to complete. At the end of the visit, she gave the participant a list of recommended home modifications to keep. Modifications were funded through the usual sources available to older clients of occupational therapists employed by the local Area Health Service. In Australia, home modifications are heavily subsidized by the government. Thus, bath rails were provided and installed by a publicly funded handyman service, and bath seats and other equipment were provided at low cost directly by the local Area Health Service. The study occupational therapist supervised the completion of recommended home modifications and made further home visits if needed. About 2 weeks after the initial visit, the occupational therapist telephoned all participants who needed home modifications to check that modifications had been made and to encourage adherence to recommendations.
Assessment of adherence. Twelve months after the first home visit, a research assistant carried out follow-up home visits to assess adherence to home modification recommendations. The research assistant had a copy of the occupational therapist's recommendations and made a visual check to see whether modifications were in place as well as asked about changes in behavior (e.g., leaving a light on at night). On the basis of the research assistant's subjective judgment, adherence to each recommendation was graded as fully adherent, partly adherent, or not adherent.
A single adherence score was calculated for each participant by summing the number of recommendations with full or partial adherence and dividing this number by the total number of recommendations. Adherence scores could range from 0.0 (totally nonadherent) to 1.0 (fully adherent). Participants were considered adherers if they had an adherence score of .5 or higher and nonadherers if they had an adherence score less than .5.
Statistical Analysis
Analyses were performed with SAS statistical software (version 6.12). (SAS Institute, 1999) Chi-square statistics for categorical data and two-sample t tests for continuous data were used to assess the significance of differences on 28 variables between (a) persons who agreed to have a home visit by an occupational therapist and those who refused and (b) adherers to recommendations and nonadherers. Because of the large number of statistical comparisons performed, p values need to be interpreted cautiously. With 28 statistical tests, a p of .002 is equivalent to the conventional p of .05 for assessing significance (Armitage & Berry, 1994) . Multivariate regression models were not used to identify predictors of adherence because so few differences existed between adherers and nonadherers in bivariate analyses.
Results
The mean age of the 264 participants recruited for this study was 77 years (SD = 7.1), and 56% were women. Thirty-nine percent reported one or more falls in the year
The American Journal of Occupational Therapy before recruitment. Table 1 shows participants' attitudes toward fall prevention and home modifications. Seventy percent thought it possible to prevent falls, and 73% thought it possible to prevent falls by making their home safer. Sixty-seven percent had made some sort of home modification before recruitment into our study. Table 1 shows the reasons participants chose for not having made changes to their homes. The most commonly selected responses were "I cannot see any reason for making changes" (49%) and "my house is safe" (34%). Only 1 participant chose "I cannot afford it."
Of the 264 participants who were invited to have a home visit, 178 agreed, 70 refused, and 16 were not seen for a variety of other reasons (e.g., dying between recruitment and home visit, postponement of home visit without ever actually refusing). We compared characteristics of those who agreed and those who refused to have a home visit (data not shown). Some evidence showed that participants who agreed to have a home visit tended to have lower levels of education (p = .05), to need help to do heavy housework (p = .01), to have already made home modifications (p = .02), and to receive assistance from the government Home Care agency (p = .04). Given the large number of statistical tests performed, these differences could be due to chance.
The occupational therapist recommended at least one home modification for 150 of the 178 homes visited. The highest number of recommendations for an individual participant was 15. One recommendation was made in 29 homes (16%), 2 in 36 homes (20%), 3 in 21 homes (12%), 4 in 33 homes (19%), and 5 or more in 31 homes (17%). Common recommendations are listed in Table 2 . The single most frequent recommendation was to remove mats or throw rugs (48%). Two common recommendations were concerned more with behavior modification than home modification: leaving a light on at night and changing the way the person used the home to avoid a hazard that could not be removed. An example recommendation for the latter would be to use a commode at night in an upstairs bedroom to avoid using a hazardous stairway to reach a downstairs bathroom.
At the baseline interview, participants were asked whether hazards existed in any of 13 areas of their home that might increase their risk of falling. Of the 178 participants who had an occupational therapist home visit, 137 said that no hazards existed in their home. home visit, the occupational therapist made at least one recommendation for home modifications in 69% of these 137 homes and five or more recommendations in 9% of these homes. Adherence at 1 year was assessed at a revisit of 121 of the 150 homes in which a home modification had been recommended by the occupational therapist. Adherence could not be assessed in the other 29 homes because the participant had died (n = 23), moved into a nursing home (n = 3), or refused the follow-up home visit (n = 3). Of 419 recommended home modifications in the 121 homes, partial or complete adherence was demonstrated with 216 (52%) of these recommendations. Adherence to specific recommendations varied from a high of 72% full adherence to installation of nonslip bathmats to a low of just 19% adherence to adding a rail to external stairs (see Table 2 ).
Twenty-five (21%) participants had not adhered to any recommendations, whereas 26 (21%) were fully or partially adherent to all recommendations. Seventy-eight (65%) were judged to be adherers because they were fully or partially adherent to at least 50% of the recommendations. Only one clear difference between adherers and nonadherers was found: Participants who believed it possible to prevent falls by making home modifications were more than twice as likely to be adherers as those who did not believe it possible (p = .002). More adherers than nonadherers reported receiving help at home from relatives (p = .049), but because of the large number of statistical tests performed, this difference could be due to chance (see Table 3 ).
We compared adherers and nonadherers for the three most frequently made recommendations: removal of mats, use of nonslip bathmats, and changing footwear (data not shown). Two characteristics were more frequent among adherers with a recommendation of mat removal: not needing help to do heavy housework (p = .03) and believing that it possible to prevent falls by making home modifications (p = .02). Participants of English-speaking background appeared to be more likely than those of non-Englishspeaking background to start using a nonslip bathmat (p = .02). Participants with a history of hip fracture appeared to be more likely to change their footwear (p = .04).
Discussion
Sixty-five percent of the participants in our study were at least partially adherent with 50% or more of the occupational therapist's recommendations. This finding is consistent with those of other studies (Devor et al., 1994; Fabacher et al., 1994) . This level of adherence is similar to that reported in exercise-based falls prevention programs. For example, 42% adherence was found after 1 year in a physiotherapist-led, home-based exercise program conducted in New Zealand (Campbell et al., 1997) .
Our study describes in detail the types and numbers of home modifications recommended by an occupational therapist during a falls prevention home visit. Because the occupational therapist making these recommendations was involved in a falls prevention randomized trial, the number of recommendations may well be higher in this setting than in normal clinical practice.
We were unable to identify a set of predictors of adherence. Only one factor clearly differed between adherers and nonadherers: a belief that home modifications prevent falls. Devor et al. (1994) made a similar observation. This finding fits with the transtheoretical model of health behavior change, which holds that behavior change requires progression through the stages of precontemplation, contemplation, preparation, and action (Prochaska, Redding, & Evers, 1997) . This model has been useful in explaining healthrelated behavior changes, such as quitting smoking and taking up exercise. Participants in our study who did not make recommended changes to their homes may have been in the precontemplation stage, that is, they had not yet considered making home modifications because they did not believe this would reduce their risk of falling. The time may have come to raise awareness among older people of the potential benefits of home modifications for falls prevention.
No differences were found between adherers and nonadherers in various medical conditions or functional or cognitive ability. In a large study of adherence to home modification recommendations conducted previously by Gosselin et al. (1993) , no relationship was found between adherence and health status or physical function. These findings suggest that other subjective factors influence adherence to home modification recommendations. Such factors might include the need to be in control of change and the meanings that people attach to their homes (Clemson et al., 1999) .
We found no associations between home modifications and self-perceived risk of falling and history of falls. This finding is at odds with the Health Belief Model, which holds that perceived susceptibility to a health problem and its perceived seriousness predict change (Strecher & Rosenstock, 1997) . Our measures of self-perceived risk may have been too superficial, with no inquiry into individual participant's beliefs about or experience of falls. Indepth qualitative studies are needed to investigate people's personal explanatory models of how falls occur.
Some suggestion exists in our data that adherence was higher among participants who received help at home from relatives. These relatives may have been concerned about the home environment and safety of their partner, parent, or sibling and, hence, provided assistance with implementing and maintaining home modifications. Support and feedback from the client's social group, such as family and friends, can act as a powerful reinforcer (Cole, Berger, & Garrity, 1988) . Occupational therapists recognize this in their approach to home visits by including caregivers in the problem-solving process and encouraging their support in
The American Journal of Occupational Therapy adherence to recommendations (Gitlin & Burgh, 1995) . In our study, adherence was particularly low for installation of rails on external stairs perhaps because installing these rails represented a bigger task than the other common recommendations in our study. However, low adherence may also be due to an external rail being visible to the outside world. Aminzadeh and Edwards (1998) reported more barriers to use of assistive devices outside the home than inside. Feelings of embarrassment and fear of stigma were among the reasons for reluctance to use walking canes among the older people in their focus groups. An external stair rail may also reduce the aesthetic quality of a person's home particularly because rails provided by the home modification service in our study area tend to be made of crude gray galvanized iron.
About 25% of the participants in our study declined to have the study occupational therapist visit their home. Persons who already received some assistance at home from professional services or who already had made some home modifications were more likely to agree to the occupational therapist visit. These persons may already have accepted the need for some assistance, whereas those who refused the visit may not yet have done so. From the perspective of the transtheoretical model of health behavior change (Prochaska et al., 1997) , persons who had had a home visit previously may be in the action stage, having already passed through the stages of precontemplation, contemplation, and preparation before previous home visits.
Conclusion
This study is one of the first to explore home modifications for falls prevention in any detail. We were disappointed to find so few differences between adherers and nonadherers to recommended modifications because we had been hoping that our study would help occupational therapists identify clients with high potential of being nonadherent. Further research in this area needs to be grounded more strongly in theoretical models of behavior change (e.g., Prochaska et al., 1997) and models of interaction among people, their occupations, and their environments (e.g., Barris, Kielhofner, Levine, & Neville, 1985 People who responded "don't know" were excluded from statistical tests.
